The kidney maintains a stable internal milieu by an intricate array of complex mechanisms: hydraulic forces, selective permeability barriers, specialized transport systems, and exactingly regulated synthetic machinery. Replacement of renal function is a formidable task requiring a compromise between intended goals and available technologies. The elegant apparent simplicity of hemodialysis contrasts sharply with the complexity of renal mechanisms. It is a tribute to the imaginative approach of hemodialysis pioneers to have attempted a formidable task with simple means. With time, however, the apparent simplicity of dialysis has been shown to mask a remarkable underlying complexity.
. Characteristics of an ideal membrane
An ideal membrane would need to be so in three areas: diffusive, reactive, and adsorptive properties. Ideal diffusive-convective properties would include high diffusion for small solutes, particularly phosphate clearance; selective permeability to specific toxic molecules of medium to large molecular weight (middle molecules and Ih-microglobulin); and a water permeability that allows easy and controllable ultrafiltration. Reactive properties should ideally be negative (1) : inertness with no interaction with blood components; no activation of complement or coagulation pathways; no interaction with nucleated blood cells and the ensuing release of monokines (2, 3) and enzymes (4); and no trapping of, or damage to, cellular blood constituents.
Ideal adsorptive properties depend on the use for the membrane. In membranes used for regular dialysis, indiscriminate protein and drug binding should be viewed as a negative property. Adsorption leads to interference with plasma constituents and depletion of drug stores, thereby necessitating adjustments of drug doses intermittently to parallel the intermittent nature of the therapy (5). Protein binding can also limit the therapeutic usefulness of a membrane by limiting its diffusive capacity. This becomes particularly important with the new high flux membranes (6). Selective adsorptive properties, however, could be useful for binding of pathologic proteins such as {32microglobulin implicated in the pathogenesis of localized amyloidosis and carpal tunnel syndrome (7) . Removal of specific abnormal proteins in non-uremic conditions is also a desirable characteristic, and work along those lines is progressing (8, 9) , so that membrane-immobilized monoclonal antibodies (8) or hormones (9) may soon become routine therapy.
The ideal membrane will need to have physical characteristics that will insure its operative usefulness such as physical integrity (no predisposition to rupture or particle release, stability under variant pressure gradients) and limited compliance and distensibility. Finally, it should be remembered that the membrane is an integral part of a system and that those properties that are deamed ideal for the membrane need to be complemented by the properties of the entire operative system. Specific properties depend ne-cessarily on our understanding of the pathophysiology of the uremic syndrome (10) and our therapeutic goals. Indeed, the formulation of a membrane characteristic for clearance will vary with the perceived toxicity of various retention products (10) .
Membrane choices for specific applications
Membranes made from a wide variety of material have been evaluated for extracorporeal therapy (Tab. 1). These can be divided conveniently into those of cellulosic origin and those of synthetic origin (11) . Their large number reflects the continuing search for membranes with better characteristics, either by alteration in the chemical constitution of available membranes or by synthesis of new membranes. In both of these processes a great deal of ingenuity has been manifested, particularly in the former. The fortuitous choice of cellulose by dialysis pioneers could not have been more appropriate in view of the amenability of the polymer to useful manipulations.
Formerly, membranes were divided into specific groups, each serving a specific therapeutic category, cellulosic membranes for hemodialysis and synthetic Saponified cellulose ester polymers for hemofiltration. Such a classification can no longer be justified because newly developed cellulosic membranes readily overlap in their usefulness several therapeutic categories. Furthermore, the recognition that the high diffusive and convective properties of synthetic polymers can be exploited for better hemodialysis when ultrafiltration is controllable (high flux dialysis), has brought forth a most interesting situation. With some qualifications, it can be argued that among presently available membranes, there are several that can be successfully used for multiple therapeutic modalities (Tab. 2). The new polysulfone membrane has been used with equally remarkable success in hemodialysis, hemofiltration and hemodiafiltration (12, 13) . Nephrologists have Yemberras du choix, and the variations in dialysis requirements can be met with a richer armamentarium. The enthusiasm for membrane versatility has to be tempered, however, by the need for better clinical evaluations and by practical and financial considerations. In addition, it can still be argued that there are still best membranes for every particular therapy, and that the ideal versatile membrane is not yet at hand (11) . The use of the same membrane in multiple therapeutic modalities relegates the burden of defining the characteristics of the modality to the other components of the extracorporeal system. Thus with a membrane of very high permeability, the avoidance of backfiltration when the membrane is used for hemodialysis must rest in attention to the pressure gradient between the dialysate and the venous end of the dialyser (14) . In most clinical conditions, however, filtration of a significant degree is utilized to remove excess fluid in a short duration. The negative dialysate pressure utilized may be sufficient to keep the gradient in favor of filtration and no backfiltration would occur (12) . Finally, the availability of these versatile membranes is influencing the design of extracorporeal systems and encouraging the development of multipurpose systems adequate for several therapeutic modalities depending on dialysis prescription (15) .
The limited, but encouraging versatility of available membranes is illustrated in Table 2 . This versatility is expected to increase with the present trend towards high flux short dialysis, but will also be determined by considerations of availability, cost and overall properties of dialysers.
Future directions in membranes
Extracorporeal therapy is rapidly becoming a broad and diverse discipline playing an imporant role in the treatment of many disease. New applications are necessitating new technologies and the latter are successfully used to ameliorate established modalities of treatment. The future of membranes lies in balancing functional gains with increased patient safety. Their
